
F lfl. 5 :3 . Ferguson p lo t  o f  c y c lic  n u c le o tid e  phosphod1e te ra se  

from crude cytosol o f human leiomyoma o f  th e  u te ru s .

Samples were run , as described  In  th e  experim enta l s e c tio n , a t  

d if f e r e n t  gel co ncen tra tio n s  ranging from 5% to  8 . 6* .  For each 

gel c o n c e n tra tio n , th e  p lo t  o f  Rf ( lo g a r ith m ic  s c a le )  versus  

gel co n cen tra tio n  (%) was constructed  from th e  re s u lts  (mean 

s .d . o f  fo u r separate ru n s ) , by using le a s t-s q u a re s  l in e a r  

re g ress io n . The p lo ts  rep resen t band 1 ( • ) ,  band 2 (A ) ,  band 3 

(O) and band 6 (A ) . The In d iv id u a l d a ta  fo r  each band Is  given  

In  T ab le  5 :1 .
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sucrose gradient uUracentcJluaftLLan ef SLDidfi HlcmYSma 

cvtosol.

T his  method revea led  th re e  peaks o f cPDE a c t i v i t y  (o n ly  cAMP 

te s te d ) w ith  sed im entation  c o e f f ic ie n ts ,  c a lc u la te d  according  

to  th e  ta b le s  o f  HcEwan (1 9 6 7 ) , o f 3 .6  ±  0 .3 5  3 , 8 .1  ±  0 .3  S and 

11.8  ♦ 0 .3  S a t  1 uM cAMP c o n cen tra tio n  (F ig . 5 : 4 ) .  Only two 

peaks a t  7 .9  S and 3 .6  S were observed a t  100 uM cAMP. The 

a f f i n i t y  p u r if ie d  f r a c t io n  showed a s in g le  sym m etrical peak o f  

enzyme a c t iv i t y  w ith  1 uM cAMP a t 7 .8  ±  0 .3  S (F ig .  5 : 4 ) .  No 

a c t iv i t y  could be d e tec ted  a t  100 u» cAMP. I f  one expressed the  

re s u lts  as dpm versus f r a c t io n  number, th e  crude cy to so l a lso  

showed a peak In  th e  id e n t ic a l p o s it io n  as th a t  o f  th e  p u r if ie d  

fr a c t io n . Th is  1s s im ila r  to  the f in d in g s  o f S trad a  e t  a 7. 

(1981 ) who presented t h e i r  re s u lts  In  th e  l a t t e r  way although  

t h e ir  reported  sed im entation  c o e f f ic ie n t  was le s s  fo r  r a t  

u terus  as fu r th e r  d e ta ile d  In  th e  d lc u s e lo n . I t  was noted th a t  

leiomyoma c y to s o l, which had been fro ze n  and thawed, showed the  

m a jo r ity  o f s p e c if ic  a c t iv i t y  to  be asso c ia ted  w ith  th e  3 .5  S 

peak ( r e s u l t  not shown).
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F ig .5 :4 . Sucrose g ra d ie n t u11 ra c e n tr1fu g a t1on o f  cPDE from  

human leiomyoma o f  the  u te ru s .

Crude cytoso l ( a )  (5  mg/ml p ro te in )  was loaded In  200 ul 

a liq u o ts  and th e  c e n tr ifu g a t io n  and th e  assay o f  enzyme 

a c t iv i t y  were performed as described  1n th e  Methods. S p e c if ic  

a c t iv i t y  o f cPOE was measured a t  1 uM cAMP ( • )  and 100 uM cAMP 

( ■ ) .  P ro te in  (A ) was measured In  mg/ml using th e  B1o-Rad k i t .  

P u r if ie d  Isoenzymes ( b ) ,  which were th e  bands 2 -6  observed on 

n a tiv e  p o ly acry lam id e -g e l e le c tro p h o re s is , were loaded In  200 

ul a liq u o ts  ( 0 . 5  mg/ml p ro te in )  a f t e r  a f f i n i t y  chromatography, 

ammonium su lphata  p r e c ip i ta t io n  and e q u i l ib r a t io n  In  b u f fe r  A. 

The enzyme a c t iv i t y  was measured a t  1 uM cAM° ( • )  and p ro te in  

(A) was determ ined by th e  m icro-method o f th e  Bio-Rad k i t .  The 

re s u lts  v.hown are  re p re s e n ta t -e ones o f th re e  separate  runs.
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s o lu b le  fiPDE a c t i v i t i e s  of alutfld bands e£ lelomYoma .gytbSQla 

run on non -denatu rina  ae.ISj.

The variou s  a c t iv i t y  Lands o f th e  leiomyoma were e lu te d  and 

assayed fo r  cPDE a c t iv i t y  (o n ly  cAMP te s te d ) and summarized 

below (T ab le  6 :2 )

Table  5 :2 . E lu tio n  o f th e  cPCE forms from th e  u nsta in ed , 

excised  cPDE a c t iv i t y  bands o f leiomyoma cytoso l on 7.5% g e ls . 

The lower bands 3 -6  were combined In to  two segments o f bands 

3 - 4  and 5 -6 . The e f f e c t  o f added calm odulin  (30  u n its  per 

assay) was a lso  te s te d . The u n its  are 1n pmol/mg p ro te ln /m ln .

Band No. 1 UM CAMP SO 1UM CAMP 
+ calm odulin

SO

1 465 58 532 72

2 782 72 830 84

3-5 1210 107 1290 116

5-6 449 32 403 33

There d id  not appear to  be Increased cPDE a c t iv i t y  when the  

e lu te d  forms were Incubated In  the  presence o f added calm odulin  

plus calcium  (p resen t 1n the assay b u f fe r ) .  Th is  suggested th a t  

the  calm odulin-bound cPDE forms were s t i l l  bound to  calm odulin  

a f t e r  the  e le c tro p h o re s is  and e lu t io n  s teps.

216



# # # # » ,  i > i

mm

i
, >

K in e tic  p ro o e r tle s  Qf some f i f  t i l l  fStEHlS Qi  fiEDL.

The enzyme form s, designated band 1 and 2 In  p o ly a c ry la m ld e -g e l 

e le c tro p h o re s is  (F ig s . 5 :1a  and 5 :1 b ) were obta ined  by 

p re p a ra tiv e  n a tiv e  po lyacry lam ide  e le c tro p h o re s is  fo llo w ed  by 

e lu t io n  o f  th e  enzyme from th e  g e l. The Km and Vmax va lues  fo r  

th e  forms wore c a lc u la te d  from Ead1e-Hofstee p lo ts  w ith  cAMP as 

s u b s tra te . The p lo t  fo r  form 1 , which d isp layed  l in e a r  

k in e t ic s .  Is  shown (F1g. 5 : 5 ) .  The Km was found to  be 5 ±  0 .4  uM 

and the  Vmax 26 ±  3 .5  nmol/mg/m1n p ro te in . The band 2 form d id  

not d is p la y  l in e a r  k in e t ic s  (F ig .  5 :5 ) and th e  d a ta  was 

In d ic a t iv e  o f e ith e r  two enzyme forms or apparent n ega tive  

c o -o p e r a t lv l ty .  The c a lc u la te d  Km values were 5 .8  and 37 uM 

w ith  re s p e c tiv e  Vmax values o f  12 and 64 nmol/m1n/mg p ro te in .

The band 5 form was a lso  s tu d ied  a f t e r  e lu t io n  and showed 

n o n -lin e a r  k in e t ic s  w ith  an apparent Km range o f 17-24 uM and 

Vmax range o f 85-125 nmole/m1n/mg p ro te in . The anomalous 

k in e t ic s  may, however, have re s u lte d  from contam ination  o f th is  

form w ith  those o f band 3 o r 4 s ince these shared c lo s e r Rf 

values and, as a r e s u lt ,  were d i f f i c u l t  to  sep ara te  when 

c u tt in g  s tr ip s  from p re p a ra tiv e  g e ls .
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T able  5 :3 . cPDE k in e t ic  d a ta  fo r  bands 1 ,2  and 5 o f human 

leiomyoma o f th e  u teru s .T h e  bands were e lu te d  from  n a tiv e  

polyacry lam ide  g e ls  (7 .5% ) and assayed fo r  enzyme a c t iv i t y  

between 0 .5  uM and 100 uM cAMP. The d a ta  are  th e  mean ±  s d . o f  

th re e  experim ents except fo r  band 5 which Is  expressed as a  

range.

Band No. Km

(UM)

s .d . Vmax 

( nmol/mg/mln)

s .d .

1 5 .0 0 .3 26 3 .6

2 5 .6 0 .9 5 12 1 .6

2 37 .0 5 .0 64 11.5

5 17-24 85-125

I t  appeared th a t  the  band 1 form e x h ib ite d  a h ig h e r a f f i n i t y  

fo r  cAMP although the  Vmax fo r  band 5 was th e  g re a te s t .



K lj j .6 : 5 . K in e tic s  o f  cPDE a c t i v i t y  o f  two forms o f  th e  enzyme 

In  human leiomyoma o f th e  u te ru s  (cAMP te s te d ) .

Enzyme a c t iv i t y  was d e rived  from e x tra c te d  bands 1 and 2 from  

n a tiv e  p o lyacry lam ld e -g e l e le c tro p h o re s is  and was assayed a t  

CAMP c o n cen tra tio n s  between 0 .5  uM and 100 uM. R esu lts  (a )  o f a 

s in g le  re p re s e n ta tiv e  exp erim ent, drawn as an E ad le -H o fs tee  

p lo t ,  a re  s>hown fo r  band 1. The two k ln e t lc a l ly  d is t in c t  forms 

o f band 2 (b ) a re  presented as an E ad le -H o fs tee  p lo t  a f t e r  

re c o n s tru c tio n  o f  tne  raw d a ta  according to  Spears e t  a 7. 

(1 9 7 1 ) .
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P a r t ia l  p u r if ic a t io n  af th e  m ajor form at cPDE in  aytQSflla 2 f  

human lalomyoma.

The s p e c if ic  a c t iv i t y  o f th e  high a f f i n i t y  component o f  the  

crude leiomyoma supernatant was 0 .0 3 6  nmol/mln/mg p ro te in .  

F ra c tio n a tio n  o f the  cytoso l on DE-52 jn lo .i exchange re s in  

between o . 1 -0 . /,  M NaCI fo llo w ed  by th eo ph y l11ne-Sepharose and 

sucrose g ra d ie n t u lt r a c e n t r ifu g a t io n  Increased th e  s p e c if ic  

a c t iv i t y  to  2 .6 8  nmcl/mln/mg p ro te in  th a t  Is  a 74 fo ld  

p u r i f ic a t io n .  I t  1s Im possible to  c a lc u la te  an accurate  

recovery fo r  bands 3-6 because o f th e  presence o f  th e  o th e r  

orms In  the crude leiomyoma c y to s o l. P u r if ic a t io n  through the  

same steps described  above except th a t  the  sucrose g ra d ie n t  

c e n tr ifu g a t io n  was rep laced by p re p a ra tiv e  e le c tro p h o re s is  

(F ig . i : 6 ( a ) )  as described  In  m a te r ia ls  and methods produced 

en?yme which on SDS ge1-e le c tro p h o r» s 1s y ie ld e d  th e  p a tte rn  o f  

fo u r bands a t  Mr 65000 ±  3000, 6 :000  ±  2000, 44000 ±  2000, 41000 ±  

2000 (F ig . 6 : 6 (b )  and ( c ) ) .  The pro tean  standards fo r  SDS 

e le c tro p h o re s is  were phosphorylase b (P ) 94000, albumin (A )

67000, ovalbumin (0 )  43000 and carbonic  anhydrase (CA) 30000.

The m olecu lar masses o f th e  subun its  were determ ined from the  

method o f Weber and Osborn (1 9 6 9 ).



,

' ' ' , 

' ; .•

u

F ig . 5 :6 . (a )  Sample o f  a f f i n i t y  p u r if ie d  f r a c t io n  o f  leiomyoma 

( 0 .1 - 0 .4  M NaCl e lu a te  from OE-52) was run a t  7 .6  % gel 

co n cen tra tio n  fo r  cPOE a c t iv i t y  d e p ic tin g  band 2 and c lu s te r  o f  

bands 3 -6 . The (b ) f ig u re  shows th e  subunits  (Coomassie 3DS) o f  

the  p u r if ie d  cPOE o f leiomyoma In  lane 1 , a b lank w ith  b u f fe r  

In  lane 2 and p ro te in  standards In  lane 3 (ohosphorylase b P, 

albumin A, ovalbumin 0 carbonic  anhydrase CA) and albumin In  

lane 4 . The (c )  f ig u re  d e p ic ts  th e  same as (b )  but th e  more 

s e n s it iv e  s i lv e r  s ta in  was a p p lie d .



D i s c u s s i o n

The i n i t i a l  p a r t o f th is  d iscussion  w in  compare th e  present 

re s u lts  w ith  p u r if ie d  human and mammalian cPDE enzymes 

described  In  o th e r tis s u e s  and c e l ls .  The second p a r t  w i l l  

summarize th e  fin d in g s  on e i t h e r  crude o r p a r t i a l l y  pure 

p re p a ra tio n s  from human and mammalian u te r in e  t is s u e s .

Human leiomyoma so lu b le  cPDE a c t i v i t y  could  be reso lved  In to  

seven bands o f enzyme a c t iv i t y  by e le c tro p h o re s is  a t  lower gel 

c o n c e n tra tio n s . This  was observed fo r  both cAMP and cGMP a t  a 

s u b s tra te  co ncen tra tio n  o f 100 uM. Indeed, th is  p a t te r n , except 

fo r  band T, was c h a ra c te r is t ic  In  over f iv e  sep ara te  

p re p a ra tio n s  o f th is  t is s u e . Homogenizing the  tumour 1n b u ffe rs  

A, B, or C a ls o  re s u lte d  1n th e  observed p a tte rn  o f  a c t iv i t y  

fo r  e ith e r  cAMP o r cGMP (F ig . 5 :1 b ) . The measured r e la t iv e  

m o b il it ie s  (R f)  fo r  cAMP o r cGMP were In d is t in g u is h a b le .  

In v a r ia b ly , band a e x h ib ite d  th e  m a jo r ity  o f th e  s ta in in g  

a c t iv i t y  fo r  both cAMP and cGMP. Caution In  the  In te r p r e ta t io n  

o f th is  o bservation  1s necessa. y s ince  I t  has been reported  

th a t lead Ions In  the  In cu b atio n  medium In h ib i t  some forms o f  

cPDE more than o thers  (Nemoz e t  Ml.  1 983 ). I  d id  u t i l i z e  h a lf  

the co n cen tra tio n  o f lead Io n , i . 5  mM In s tead  o f 3 mM, In  an 

attem pt to  reduce tha  p o s s ib i l i t y  o f t h is  e f f e c t .  In  a d d it io n ,  

e lu t io n  o f cPDE from unstained gel s l ic e s ,  showed th e  h ig h est 

a c t iv i t y  to  be associated  w ith  band 5 fo r  both low and high Km 

forms (1 uM end 100 uM cA M P)(for re s u lts  a t  1 uM cAMP see Table  

5 :3 ) .  M u lt ip le  form s, about 5 , o f cPDE have been described 1n
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r a t  b ra in  using th e  technique o f  Is o e le c tr lc fo c u s ln g  on 

g ra n u la r gel p la te s  (Nemoz a t  a l .  1985 ).

Ferguson p lo t  a n a ly s is  o f th e  leiomyoma a c t iv i t y  bands revea led  

fo u r d i f f e r e n t  m olecu lar mass species and a c lu s te r  o f  fo u r  

charge forms In  th e  group o f  bands 3 -6 . Evidence th a t  th e  Band 

1 form was a d is t in c t  enzyme m ight be summarized as fo llo w s : 1) 

This  form was e lu te d  a t 0 .1  M Io n ic  s tre n g th  from DE-52 

c e llu lo s e  2) The o th er 0 .1 - 0 .4  M Io n ic  f r a c t io n ,  which 

conta ined  bands 2 -7 , when fu r th e r  p u r if ie d  on 

theophy111ne-Sepharose d id  not show In te rc o n v e rs io n  to  Band 1 

when analyzed on n a tiv e  p o ly a c ry la m id e -g e l e le c tro p h o re s is  

(F ig . 5 : 6 ( a ) ) .  3 ) K in e tic  a n a ly s is  o f the  form In d ic a te d  l in e a r  

M ichaelIs -M enten  k in e tic s  from E ad le -H o fs tee  p lo ts  and a h igher  

a f f i n i t y  fo '- cAMP compared w ith  band 2 . 4 ) The form was

In h ib ite d  by p re In cu b a tio n  w ith  EGTA (1 mM). 5 ) Band 1

e x h ib ite d  the h ig h est m olecu lar mass o f apparent Mr o f  229000 >

4000 and Yo = 2 .4 9  but th is  h igher va lu e  was In s u f f ic ie n t  to  be 

exp la in ed  as sim ple aggregation  o f th e  lower m o lecu lar mass 

isoenzymes 3 -6  which were a ls o  EGTA In h ib ite d . There have been 

re p o rts  In  the  l i t e r a t u r e ,  based on d i f f e r e n t  t is s u e s  and 

spec ies , o f ca lc iu m /ca lm o du lin  dependent form s, th a t  1s type I  

cPCE enzymes, h ydro lyz in g  both n u c le o tid e s  w ith  s im ila r  n a tiv e  

m olecu lar masses o f about 240000 (H ldaka and Asano 1976; Tucker 

a t  al .  1981) to  th e  band 1 form . The reported  Mr o f around 

200000 fo r  cGMP-stim ulated phosphodiesterases in  c a l f  l i v e r  

(Yamomoto a t  al .  1 9 8 4 (a )) (ty p e  I I  cPOE) and 240000 fo r  bovine  

adrenal and h eart tis s u e s  (M a rtin s  a t  al .  1 9 8 2 )(ty p e  I I  cPDE)

2 23
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are a ls o  not d is s im ila r  to  th a t  o f  th e  band 1 fo rm . I  am, 

however, unable to  comment on th e  e f f e c t  o f cQMP on the  

h y d ro ly s is  o f  cAMP by th e  v a rio u s  enzyme forms In  lalomyoma 

since  t h is  was not examined.

Band 2 appeared to  be a d is t in c t  form o f  cPDE p a r t ic u la r ly  In  

the  c h a r a c te r is t ic  o f  being t o t a l l y  Im pervious to  p re in cu b a tio n  

w ith  EOTA (F ig . 5 : 1 (c )  and ( d ) ) .  I t  could th e re fo re  be regarded  

as calc ium  Independent and hence ca 1c 1um/ca1modu11n 

Independent. Furtherm ore, th e  e x tra c te d  enzyme from  

non-denaturing  po lyacry lam ide  e le c tro p h o re s is  g e ls  d id  not show 

Increased a c t iv i t y  In  th e  presence o f exogenous calc ium  and 

ca lm odu lin . The anomalous k in e t ic s  w ith  approxim ate Km values  

fo r  band 2 o f 5 .8  uM and 37 uM a re  not d is s im ila r  from those  

rep o rted  fo r  the  enzyme(s) In  crude cy to so ls  o f  r a t  u terus  o f 3 

uM and 20 uM (S trad a  e t  a l .  1981) o r values o f  2 and 36 uM 

found fo r  so lu b le  u te r in e  phosphodiesterase from  

d 1 e thy  1 s t  11 b estro  1 - t r e a te d  Immature ra ts  (d 'A u M a c  and Meyer 

1973). The apparent m o lecu lar mass reported  by S t r ada and 

asso c ia tes  (1981 ) was low er, th a t  Is  7 .0  S (c a . 130000-140000) 

compared to  my c a lc u la te d  Mr o f 186000 + 4000 f o r  band 2 . An 

e a r l ie r  re p o rt by Gardner and co-w orkers (1978 ) on r a t  u terus  

y ie ld e d  a h igher va lu e  fo r  the Sedim entation C o e f f ic ie n t  o f the  

enzyme namely 7 .9  S.

Bands 3 to 6 were c h a ra c te r iz e d  as charge species o f apparent 

Mr 174000 ± 4000. These forms were a l l  la rg e ly  In h ib ite d  by 

p re in cu b a tio n  w ith  2 mM EOTA, a lthough lower c o n c e n tra tio n s , <1 

mM, d id  not In h ib i t  forms 3 and 4 very  s tro n g ly  (F1g. 5 : 1 ( c ) ) .



This  would Imply these forms are  ca lc iu m /ca lm o du lin  dependent 

(Ho e t  a l .  1 9 77 ). 'nomalous forms o f d i f f e r e n t  R f were observed 

In  th e  cytoso l Incubated w ith  EOTA (F ig . 5 : 1 (c )  and ( d ) ) .

C le a r ly  more d e ta ile d  research  on these species 1s re q u ire d .

Since I t  was th e  bands 3 -6  which were p a r t i a l l y  p u r if ie d  and 

shown to  co n s is t o f subun its  o f apparent Mr 65000 ±  2000, 59000 + 

3000, 45000 i  2000 and 41000 + 2000 on SOS e le c tro p h o re s is , 

c e r ta in  In fe ren ces  may be drawn. I  waj unable to  d e te c t the  

presence o f calm odulin  1n th e  p u r if ie d  f r a c t io n  when subjected  

to  SOS e le c tro p h o re s is  under th e  c o n d itio n s  used. T h is  would 

suggest th a t  calm odulin  was e i t h e r  lo s t d u rin g  th e  e a r l i e r  

stages o f th e  p u r if ic a t io n  procedure o r was t i g h t l y  bound to  

the cPOE subunits on the  SOS g e ls , which 1s u n l ik e ly .

The o v e ra ll p u r if ic a t io n  o f  th e  leiomyoma enzyme was o n ly  74 

fo ld  because heavy losses 1n enzyme a c t iv i t y  were In c u rre d .

This  was probably due to  th e  r e la t iv e ly  low s ta r t in g  p ro te in  

c o n cen tra tio n  (35 g /ru n ) and the very  la b i le  n a tu re  o f  th e  

Isoenzymes. The two lower m o lecu la r mass subun its  m ight be the  

p r o te o ly t ic  fragm ents described  by Tucker and co-w orkers  

(Tucker e t  a l .  1981) fo r  th e  type  1 (a )  cPDE enzyme even though 

PMSF was present In  a l l  s o lu t io n s . The s tru c tu re  o f th e  n a tiv e  

s o lu b le  human leiomyoma Isoenzymes could th e o r e t ic a l ly  be 

composed o f two subunits o f  type I  cPDE and two calm odulin  

m olecules AgCg (c a . a mass o f 160000)(La P o rte  a t  a l .  1979;

Sharma e t  a l .  1984). I  do not consider these forms to  be 

s im ila r  to  the  175000 form (ty p e  IV  cAMP POE) Is o la te d  In  human 

p la te le ts  (Umekawa e t  a l .  1984; Grant and Colman, 1984) as

225



r > .  . » •  ••• /
- f  ■ y

,t;

r

f-
. *

> I\

t h e i r  reported  Km was much lo w er, th a t Is ,  <0 .4  uM compared to  

my range o f  17-24 uM. In  a d d it io n , the  leiomyoma form s appeared 

to  be e q u a lly  a c tiv e  when ge ls  were Incubated In  th e  presence 

o f e ith e r  cAMP o r cGMP and they appeared to  be 

ca lc iu m /ca lm o du lin  dependent because o f t h e i r  s e n s i t iv i t y  to  

EOTA ( s 'e  Chapter 1 fo r  d e s c r ip tio n  o f type  IV  cAMP POE). The 

cAMP POE (ty p e  I I  cPOE) Is o la te d  In  c a l f  l i v e r  w ith  Mr o f  

174000 by Yamomoto and co-w orkers (1 9 8 4 (a ) )  more c lo s e ly  

resembles th e  leiomyoma enzyme a lso  e x h ib it in g  n o n -lin e a r  

k in e t ic s  w ith  an apparent low Km component o f approx im ate ly  2 

uM. The authors d id  not re p o rt th e  Km o f th e  low a f f i n i t y  

component. N onetheless, the  leiomyoma Isoenzymes appear to  be 

c a ld u m /c a lm o d u lln  dependent which is  not th e  case w ith  type I I  

cPDE enzymes. I t  1s In te r e s t in g  to  sp ecu la te  th a t th re e  o f the  

forms o f th e  bands 3 -6  could rep resen t th e  two homodimers and 

one heterod im er described  In  bovine b ra in  o f  a 

calm odulin-dependent cPDE (ty p e  1 (a ) cPDE (Sharms a t  a l ,  1984; 

Hansen and Beavo 1986). The a c t i v i t y  form , represen ted  by band 

7, was not always p re s e n t, p a r t ic u la r ly  In  th e  leiomyoma, and 

m ight rep resen t a p r o te o ly t ic  fragm ent which nonetheless was 

In h ib ite d  by EGTA, u n lik e  ths  fragm ents described  by Tucker and 

asso c ia tes  (1981) which are n o t.

The l a t t e r  p a rt o f th is  d iscussion  cen tres  on research  re la te d  

to  u te r in e  cPDE forms and the  f in d in g s  o f f iv e  d i f f e r e n t  groups 

w i l l  be summarized.

The f i r s t  group, reported  once on the le v e ls  o f cPDE and adenyl 

cyclase In  ra t  u terus  during  th e  oestrus c y c le  (S1m and
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C hantharaksrl 1874). These au thors rep o rted  th a t  In  crude 

humogenates both enzyme a c t i v i t i e s  were h ig h est a t  m et-oestrus  

but low est a t  p ro -o e s tru s  suggesting s te ro id  hormone c o n tro l o f  

the two enzymes.

The second group, based t h e i r  s tu d ies  on cPDE In  crude  

supernatants o f r a t  u te ru s , where th e re  appeared to  be a t  le a s t  

two d i f f e r e n t  k in e t ic  forms (o n ly  cAMP h y d ro ly s is  was measured) 

both o f  which were In h ib ite d  by ATP ( d ’ A uriac  and Meyer 1973). 

I t  a ls o  appeared t h a t ,  an g io ten s in  I I  a t  le v e ls  th a t  could  

cause c o n tra c tio n s  o f  r a t  u t e r i ,  had no e f f e c t  on th e  so lu b le  

cPDE a c t iv i t i e s .

A th ir d  group have e x te n s iv e ly  s tu d ied  cPDE, using both cAMP 

and cGMP, in  monkey u te r in e  tis s u e s  a t  d i f f e r e n t  stages o f 

development (B e a tty  e t  a l .  1979). B ea tty  and co-w orkers have 

reported  th a t the  m a jo r ity  o f the  cPDE a c t iv i t y  is  associated  

w ith  th e  supernatant (about BOX) In  agreement w ith  th e  f in d in g s  

by Bar (1974) In  the r a t  myometrium supernatant and Leroy and 

asso c ia tes  (1985) In  supernatants from human pregnant 

myometrium. They have a lso  shown th a t  cAMP m etabolism  in  

myometrium was a lte re d  during  the  m enstrual c y c le  (B e a tty  e t  

a l .  1977) suggesting re g u la tio n  o f cAMP le v e ls  to  be under 

s te ro id  hormone c o n tro l. The B eatty  team published re s u lts  o f 

n o n -lin e a r  k in e t ic s  fo r  cAMP h y d ro ly s is  1n monkey myometrium 

but d id  not c h a ra c te r iz e  th e  cPDE fu r th e r  o r re p o rt Km or Vmax 

values (B e a tty  e t  a l .  1976). This  l a t t e r  team d id  however 

provide fu r th e r  c h a ra c te r iz a t io n  o f cPDE 1n t h e i r  la t e r  

com parative study o f spayed macaq1 .  myometrium versus oregnant
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myometrium (B e a tty  e t  a 7. 1 9 79 ). The enzyme In  crude c y to s o ls  

o f pregnant and spayed myometrium gave anomalous 

d o u b le -re c ip ro c a l p lo ts  o f  apparent Km values fo r  cAMP o f  4 .6  

to  1b .7 uM and 2 .9  to  2 4 .9  uM re s p e c tiv e ly . The Vmax va lu es  fo r  

both tis s u e s  were very s im ila r  and were about 6 nmol/mln/mg 

p ro te in . My Vmax values fo r  th e  separated  s o lu b le  cPDE forms o f  

human leijmyoma (T ab le  5 :3 )  were a l l  co n s id erab ly  h ig h er and 

ranged from 12 to  125 nmol/mg p ro te ln /m ln . L in e a r k in e t ic s  fo r  

cQMP h y d 'o ly s ls  was observed fo r  th e  enzymes In  so lu b le  

pregnant myometrium (Km=7.6 uM, Vmax=9.3 nmol/mln/mg p ro te in )  

but not always fo r  the enzyme In  spayed monkeys, suggesting  

more than one form o f the  enzyme, as would be expected In  crude 

c y to s o ls . Furtherm ore, cGMP a t low c o n c e n tra tio n s , could  

s tim u la te  cAMP h y d ro ly s is  which Is  a fe a tu re  o f  th e  type  I I  

cPDE form . F in a l ly ,  th e  group concluded th a t  le v e ls  o f  cPDE 

were ra ised  in  pregnant myometrium compared to  spayed 

myometrium expressed on th e  basis o f DMA con ten t but the  

s itu a t io n  was reversed when comparisons were based on e i t h e r  

wet t is s u e  mass o r n itro g e n  (p ro te in )  con ten t (B e a tty  e t  a 7. 

1979).

The fo u rth  team have based t h e ir  s tu d ie s  on supernatants  from  

homogenates o f r a t  u te r in e  tis s u e s  and f i r s t  suggested th a t  in  

t h l t  tis s u e  cAMP POE ( cGMP n y d ro ly s is  was not measured) was 

under the  c o n tro l o f s t e r o l j  hormones ( S tance1 e t  *1 .  1 9 75 ). 

T h e ir suh-.wquent s tu d ies  on p a r t ia l  p u r i f ic a t io n  o f r a t  u terus  

cfOE using D EA E -cellu lose Ion-exchange chromatography fo llo w ed  

by sucrose g ra d ie n t u lt r a c e n t r ifu g a t io n  c o n s is te n tly  revea led  a
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s in g le  form o f cPDE o f about 7 .9  S, as e v a lu a ted  by 

sed im entation  In  th e  u U r a c e n tr lfu g e , which could hydro lyze  

both cAMP and cGMP (G ardner e t  a 7. 1978). Th is  form , however,

1s In  c o n tra s t to  th e  re p o rt p re v io u s ly  mentioned on crude  

supernatants o f r a t  u te ru s  (d ’ A urlac  and Meyer 1973). A fu r th e r  

study by th e  fo u rth  group, based on lim ite d  p ro te o ly s is  s tu d ies  

o f the enzyme using t r y p s in , In d ic a te d  th e  c a t a ly t ic  s ite s  fo r  

cGMP and cAMP to  be separate  (S tra d a  e t  a 7. 1981). Of 

p a r t ic u la r  Im portance was t h e ir  f in d in g  th a t  l im ite d  

p ro te o ly s is  o f one o f the  D EA E-cellu lose e lu te d  forms re s u lte d  

In  two forms when rerun on D EA E -ce llu lose . T h is  re p o rt by 

Strada and co lleagues (1981) was d isputed  by K eravls  and 

co lleagues (1981 ) who reported  n o n -lin e a r  k in e t ic s  fo r  cAMP o f 

Km 3 to  20 uM and l in e a r  k in e t ic s  fo r  cGMP w ith  a Km o f about 3 

uM. These Km values are not d is s im ila r  to  those reported  by 

d ’ A urlac  and Meyer (1 9 7 3 )(2  and 36 uM fo r  cAMP) o r to  those  

reported  by B eatty  and asso c ia tes  (1979) o r Indeed to  my own 

f in d in g s . The fo u rth  group d id  not show s tim u la tio n  o f cAMP 

h yd ro ly s is  by low co ncen tra tio n s  o f  cGMP (see B eatty  e t  a 7. 

1979).

The f in a l  group have stud ied  cPDE In  e ith e r  human myometrium, 

human p lacen ta  o r c u ltu re d  m yom etrlal c e l ls  (F e rre  e t  a 7. 1975; 

F e r.e  e t  a7. 1977; V a l le t - S t  ouve e t  a 7. 1984; Leroy e t  a 7.

1985). At le a s t two cPDE a c t i v i t i e s  were rep o rted  fo r  

homogenates o f human p lacen ta  id Im idazo le  was demonstrated to  

s tim u la te  the  lower a f f i n i t y  form. (Km = 1 .36  m M )(Ferre e t  a 7. 

1975). The high a f f i n i t y  CAMP POE (cGMP h y d ro ly s is  was not



m easured), e x h ib ite d  a Km o f  10 uM and Vmax o f  0 .6 3  nmol/mln/mg 

p r o te in , and waa weakly In h ib ite d  by p ro stag lan d in s  but 

s tro n g ly  In h ib ite d  by p rogesterone. They repeated  these  

experim ents In  c y to so ls  o f  human pregnant myometrium and, from  

th e  crude homogenates, two forms o f cAHP POE were Is o la te d  

(h ig h e r a f f i n i t y  form w ith  Km o f 12 .6  uM, Vmax o f  0 .5  

nmol/m1n/mg p ro te in ; lower a f f i n i t y  form Km o f 90 uM, Vmax o f  

1 .0  nmol/mln/mg p r o te in ) .  The s t im u la to ry  e f f e c t  a f Im idazo le  

fo r  th e  a c t iv i t y  o f th e  lower a f f i n i t y  enzyme was apparent and, 

as fo r  p la c e n ta , Indom ethadn and progesterone (non 

p h y s io lo g ic a l co ncen tra tio n s  in v i t r o )  were found to  In h ib i t  

the  h ig h er a f f i n i t y  form . Of In te r e s t ,  v e s tra d io ! 17B and 

severa l o e s tra d io ! d e r iv a t iv e s  were shown to  have n e g lig ib le  

in h ib i t io n  on cPOE In v i t r o  (F e rre  e t  a l .  1 977 ). A p p aren tly , 

progesterone has been shown both In v ivo  and In v i t r o  to  

in h ib i t  human u te r in e  c o n tra c tio n  (F e rre  a t  a l .  1977 ). 

Subsequent work by th is  group on m yom etrlal c e l ls  In  c u ltu re ,  

have shown th a t  p h y s io lo g ic a l co n cen tra tio n s  o f e i t h e r  

progesterone o r o e s tra d lo l In h ib ite d  cAHP POE a c t i v i t y  (cQMP 

h y d ro ly s is  was not meusured) (V a lle t -S tr o u v e  e t  a l .  1 984 ). Th is  

e f f e c t  has a ls o  been reported  by o th ers  (S tance! e t  a l .  1975; 

B eatty  e t  a l .  1979). Furtherm ore, In v ivo  a d m in is tra tio n  o f  

oestrogen decreased cPDE a c t iv i t y  In  r a t  u terus  (G ardner e t  a l .  

1978) whereas only  progesterone decreased POE a c t i v i t y  1n 

macaque myomt.rlum (B e a tty  1978). R e c e n tly , a re p o rt on murine 

oocyte m atura tio n  has demonstrated th a t  e i t h e r  progesterone o r 

B e ta -o e s tra d lo l o r te s to s te ro n e  In h ib ite d  cPDE a c t iv i t y  In
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oocyte e x tra c ts  (Kadi e t  a h  1987 ). C le a r ly  th e re  appear to  be 

some c o rv 'U c tln g  re s u lts  reg ard ing  the  In h ib i to r y  e f fe c ts  by 

progesterone and o e s tra d lo l on th e  cPDE a c t i v i t y .  I t  1s 

p oss ib le  th a t  the  d is c re p a n t o t 'c r v a t ^ n s  m ight r e f le c t  

d iffe re n c e s  In  the  o e s tra d lo l to  progesterone r a t io  which 

v a r ie s  co ns id erab ly  e ith e r  d u rin g  th e  m enstrual c v c le , o r 

stages o f pregnancy o r as a r e s u lt  o f species d iffe re n c e s .

A lso , d is c re te  forms o f cPDE e x h ib it in g  d i f f e r e n t ia l  In h ib i t io n  

by th e  two hormones m ight be synthesized  e ith e r  during  

developm ent, the  m enstrual c y c le , pregnancy o r as a r e s u lt  o f  

species d if fe re n c e s .

The reported  k in e t ic s  fo r  cAMP h y d ro ly s is  In  supernatants  o f 

human m /om etrla l c e l ls  In  c u ltu re  were non- 11 near In  agreement 

w ith  th e  o th e r groups (S tance! e t  a h  1975; B eatty  e t  a h  1976; 

F erre  e t  a h  1977; B eatty  e t  a M 9 7 7 ) .  The apparent Km values  

o f the so lu b le  cPDE 1n m yom etrlal c e l ls  fo r  cAMP were 0 .8  uM 

and 40 uM w ith  re s p e c tiv e  Vmax values o f 0 .0 6  and 1 .4  

nm oles/m lr/m g p ro te in . The la t t e r  values Increased by 100% 

fo llo w in g  severa l successive su b c u ltu re s . Futherm ore, a 

decrease In  cAMP POE a c t iv i t y  was noted w ith  high d e n s it ie s  o f 

c e lls  and vlca  versa  (V a lle c -S tro u v e  e t  a h  1984 ). The most 

recent re p o rt by t h is  group has been based on lo n g itu d in a l 

s e c tio n : o f  human myometrium a t  th e  end o f  pregnancy (Leroy e t  

a h  1985 ). I t  appears th a t  less  than 10% o f e ith e r  cAMP o r cGMP 

POE a c t iv i t y  was associa ted  w ith  the  p a r t ic u la te  f r a c t io n .  Two 

so lu o le  cPDE forms were Is o la te d  using O EA E-cellu lose  

chromatography and one form (peak I )  most c lo s e ly  resembled tne
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type I  CPOF anu t h .  second . l u t in g  form  (peak I I )  appeared to  

be s im ila r  to  th e  type IV  cAMP PDE. I  d id  not d e te c t the  type  

IV  cPDE in  th e  c y to so ls  o f  human nonpregnant myometrium using  

my gel method coupled to  th e  cPOE a c t iv i t y  s ta in .  That 1s. I  

observed t h .  same cPDE a c t iv i t y  p r o f i l e  fo r human myometrium 

cyto so l in the presence o f e i t h e r  cAMP or cQMP.

Sucrose g ra d ie n t u lt r a c e n t r ifu g a t io n  o f  th e  s o lu b le  f r a c t io n  o f  

-end o f pregnancy" myometrium (Leroy e t  a?. 1985) gave r is e  to  

th re e  peaks A.B and C o f w hich. C. appeared to  be type  IV  cAMP 

PDE. The peaks A and B (h y d ro ly z in g  both s u b s tra te s ) could  a lso  

be reso lved  on sucrose g ra d ie n ts  when only  peak I  was loaded 

suggesting a t  le a s t th re e  d is t in c t  forms o f cPDE In  human 

pregnant myometrium. Both s u b s tra tes  e x h ib ite d  non-11near 

k in e t ic s  w ith  apparent Km values fo r  cAMP In  crude supernatant 

Of 2 .8  uM and 57 uH ; fo r  cGMP o f 0 .8 3  uM and 12 uM. The peaks 

I  and I I  obta ined  on OCAE chromatography revea led  d if f e r e n t  

k in e t ic  p ro p e r tie s : Peak I  (ty p e  I  cPOEl e x h ib ite d  Km values  

fo r  CAMP o f 28 uM and 4200 uM w ith  re s p e c tiv e  Vmax va lu es  o f 

0 .4  and 2 .0  nmol/m1n/mg p ro tean ; Km values fo r  cOMP o f 1 .7  uM 

and 16 uM w ith  re s p e c tiv e  Vmax va lues  o f 0 .0 4  and 0 .22  

nmol/mln/mg p ro te in ;  Peak I I  ( ty p e  IV  cANP POE) gave Km values  

fo r CAMP o f 10 uM and 1000 uM w ith  re s p e c tiv e  Vmax va lu es  o f  

0 .6  and 4 .1  nmol/mln/mg p ro te in . The es tim ated  m o lecu lar masses 

o f A. B and C from sucrose g ra d ie n t s tu d ies  suggested 110000 

d a ito n s , 47000 dal tons and 18000 d a lto n s  re s p e c t iv e ly . I t  

appears th a t ,  In  agreement w ith  Leroy and asso c ia tes  (1 9 8 5 ) , In  

human leiomyoma versus "end o f pregnancy" myomet urn th e re  are
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a t  le a s t  th re e  d is t in c t  forms o f cPDE and th a t  th e re  Is  more 

than one form o f type I  cPDE. My re s u lts , however fo r  cAMP 

h y d ro ly s is  by band 1 form (ty p e  I  cPDE) and bands 3 -6  (tyro* I  

cPDE) y ie ld e d  much h ig h e r a f f i n i t i e s  fo r  tn e  s u b s tra te  and a ls o  

h ig h e r Vmax values In  comparison to  Leroy and w o rker’ s (1985 ) 

p a r t i a l l y  p u r if ie d  "peak I " .  In  f a c t  m; ues do not d i f f e r  

much from t h e i r  re s u lts  reported  fo r  crude su pernatants  o f  

human pregnant myometrium. However, th e  m o lecu lar mass values  

a re  r a d ic a l ly  d i f f e r e n t .  Whether these d is c re p a n c ie s  r e f le c t  

tru e  d iffe re n c e s  between cPDE forms 1n human leiomyoma cy to so ls  

.e rsus  human pregnant myometrium c y to so ls  o r a re  th e  r e s u lt  o f  

d iffe re n c e s  In  methodology remains to  be reso lved . I t  Is  worth  

n o tin g , though, based on my own experiences w ith  sucrose  

g ra d ie n t u U r a c e n t r lfu g a t lo n , th a t  I f  leiomyoma su pernatan ts , 

e i t h e r  crude o r p a r t i a l l y  pure , were fro zen  and rethawed or 

s to red  fo r  more than th re e  weeks a t  -7 0 °  C, low er m o lecu la r mass 

forms o f cPDE were d e te c te d  and were regarded as p r o te o ly t ic  

but. a c t iv e  cPDE enzyme fragm ents.

F u rth e r o bserva tio n s , based on th e  a c t iv i t y  p a tte rn  In  

nor,-denaturing  po lyacry lam ide  e le c tro p h o re s is  o f  human 

leiomyoma c y c lic  n u c le o tid e  phosphodiesterase revea led  th a t  thw 

cPDE enzyme p a tte rn  d id  not d i f f e r  fo r  e i t h e r  human myometrium 

o r normal u terus  (composed o f both myometrium and endom etrium ).

..n a d d it io n , the  myometrium tis s u e  d isp layed  denser s ta in in g  1n 

a l l  a c t iv i t y  bands a t  th e  same s o lu b le  p ro te in  co ncen tra tio n s  

compared to  th a t  o f leiomyoma from the same p a t ie n t  (F ig s .

5 : i a ,  5 :1b , 5 :1 c , 5:2b and 5 :2 c ) In d ic a t in g  h ig h er cPDE
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a c t iv i t y  In  myometrium t is s u e . Th is  f in d in g  was most

In te r e s t in g  In  th a t  when I  s tu d ie d  the  oestrogen and 

progesterone recep to r co ntent o f  th e  two tis s u e s  both rec e p to r  

types were s ig n if ic a n t ly  h ig h e r In  leiomyoma (p  = 0 . 0 0 0 2 )

(Sedan a t  a l .  1987 ). T h e re fo re , th e re  appears to  be an In verse  

c o r re la t io n  between o estro g en /p rogesterone recep to rs  and the  

le v e l o f  cPDE a c t iv i t y  which Is  In  agreement w ith  th e  f in d in g s  

o f E tln g o f a 1 .(1984) who s tu d ied  oestrogen recep to rs  and 

cPOE le v e ls  In  both human and u te r in e  tis s u e s .

Of In te r e s t ,  a recen t re p o rt on th e  k ln e . ic  c h a ra c te r is t ic s  o f  

cPOE In  crude c y to so ls  o f human pregnant and nonpregnant 

myometrium has shown a m arkedly lower Vmax 1n th e  pregnant 

t is s u e  (K o fln as  a t  a l .  1987 ). T h is  suggests s te ro id  hormonal 

In flu e n c e s  on th e  so lu b le  cPOE a c t iv i t y  In  human myometrium 

during  pregnancy. N onetheless, In  view o f  th e  m u lt ip le  forms o f  

cPOE th a t I  found In  human myometrium c y to s o ls , s tu d ie s  o f cPDE 

k in e t ic s  based on crude myometrium c y to s o ls  a re  d i f f i c u l t  to  

In te r p r e t .

C h a ra c te r iz a t io n  o f so lu b le  u te r in e  c y c l ic  n u c le o tid e  

phosphodiesterases In  r a t  u te ru s  has o n ly  revea led  one form 

w ith  anomalous k in e t ic s  (G ardner a t  a l .  1978; S trad a  a t  a l .  

1981). S everal rscen t re p o rts  In  th e  l i t e r a t u r e  In d ic a te  th a t  

th e re  a re  d is t in c t  species d iffe re n c e s  In  the  fo u r main types  

o f so lu b le  c y c lic  n u c le o tid e  phosphodiesterases, re fe rre d  to  

p re v io u s ly , In  e ith e r  one o r more o f th e  fo llo w in g : k in e t ic  

param eters, p hys ica l p ro p e r tie s  o r re g u la tio n  by 

pharm acological agents (Gercmla a t  a l .  1984; MuHaney and



C legg, 1984; Mutus e t  a l .  1985; Pyne e t  a h  1986 ).

The d iv e rs e  m o lecu lar mass species and charge forms In  th e  

human u te r in e  tis s u e s  th a t  I  s tu d ied  m ight a ls o  be ascribed  to :  

i )  th e  re lease  o f  membrane-bound forms due to  th e  ex trem ely  low 

tem perature o f l iq u id  n itro g e n  ( -1 9 6 °  C) (n o t p re v io u s ly  used to  

my knowledge) and p u lv e r iz in g  o f  the  tis s u e  In  t h is  medium. 2 ) 

The re s u lt  o f endogenous p ro te o ly s is  during  process ing . The 

very c o n s is te n t a c t iv i t y  p a tte rn  observed In  a l l  th e  tis s u e  

cyto so ls  would tend to  re fu te  t h is  but I  cannot d iscount I t  

e n t i r e ly .  I t  was found th a t repeated fre e z in g  and thawing o f  

the  cy to so ls  co ns id erab ly  lowered the  In te n s ity  o f s ta in in g  and 

re s u lte d  In  p oorly  reso lved bands. In  a d d it io n , more an io n ic  

bands were sometimes observed.

In  conclus ion , I  consider th a t  human leiomyoma possess th re e  

d is t in c t  so lu b le  cPDE forms and th a t  th e re  a ls o  e x is t  

Isoenzymes. The human myometrium and u teru s  a ls o  co n ta in  these  

th re e  form s. The method o f s lab  gel e le c tro p h o re s is  described  

here may prove u sefu l In  th e  a n a ly s is  o f cPDE enzymes in  tis s u e  

a v a ila b le  In  only  small q u a n t i t ie s , as Is  the  case In  man. I t  

should a lso  be o f p o te n t ia l va lu e  In th e  assessment o f  

In h ib i to r  s e n s i t iv i t ie s  1n d if f e r e n t  t is s u e s .

|
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CHAPTER SIX  

CONCLUSIONS

Since most o f th e  work in  t h is  th e s is  has been discussed In  

sep ara te  s e c tio n s , I t  would be p e r t in e n t  to  c o n s o lid a te  the  

in fo rm a tio n  1n order to  gain  a c le a r e r  p e rs p e c tiv e  o f  th e  

s o lu b le  cPDE enzymes 1n mammal,an tis s u e s  and th e  p o ss ib le  

c l in ic a l  s ig n if ic a n c e  o f  my fin d in g s . A b r ie f  overview  o f  cPOE 

forms In  more p r im it iv e  organism s, where some gene sequencing 

has been ach ieved , w i l l  be summarized p r io r  to  my fin d in g s  o f 

the  so lu b le  cPDE enzymes 1n mammalian tis s u e s .

ItiS  cPOE enzvr^ s  e f  p r im it iv e  eukaryo tes .

In  view o f the overwhelming evidence th a t  cPDE enzymes hold key 

p o s itio n s  1n c e l lu la r  b iochem ical re g u la tio n  and th e  fa c t  th a t  

they a re  the  o n ly  s p e c if ic  c a ta b o lic  enzymes fo r  th e  u b iq u ito u s  

s u b s tra te s , cAMP and cGMP, I  would tend to  expect th e  cPDE 

enzymes to  be h ig h ly  conserved between spec ies . In  o th e r words, 

perhaps only very  few m utations would be advantageous and, most 

in  f a c t ,  d e le te r io u s  to  the  v i t a l  fu n c tio n  o f these re g u la to ry  

enzymes. Thus reported  f in d in g s  o f cPDE enzymes In  more 

p r im it iv e  organisms ought to  answer some o f th e  questions th a t  

have a ris e n  from 1n v i t r o  s tu d ies  based on cPDE enzymes In



mammalian t is s u e s . C e r ta in ly , in v i t r o  s tu d ie s  o f cPDE enzymes 

in  eukaryotes have dem onstrated m u lt ip le  forms o f cPDE. In  my 

o p in io n , however, a d is c o n c e rtin g  problem has been th e  fa c t  

th a t  p u r if ie d  cPDE enzymes o f th e  same c la s s i f ic a t io n  can 

d i f f e r  co nsid erab ly  ; th  respect to  k in e t ic  param eters and 

p hysica l c h a ra c te r is t ic s  between mammalian sp ec ies . A case In  

p o in t would be the  p u r if ie d  s o lu b le  type I I  cPDE In  bovine  

l i v e r  (M a rtin s  e t  aZ. 1982) compared to  th e  so lu b le  p u r if ie d  

type I I  cPDE In  ra t  l i v e r  (Pyne e t  a 7. 1986) which represen ts  

Just one o f many d lc re p a n d e s  (see In tr o d u c t io n ) . In  b r ie f ,  are  

the  m u lt ip le  cPDE forms observed in v i t r o  between species  

e ith e r  the  re s u lt  o f:  d i f f e r e n t  s tru c tu ra l genes; th e  same gene 

but cons.iJerably v a r ia n t  as a re s u lt  o f accummu'sled m utations; 

d i f f e r e n t ia l  processing o f th e  mRNA’ s 1n th e  nucleus o r  

cytoplasm ; d i f f e r e n t ia l  co va len t m o d ific a tio n  o f the  

t r a n s la t io n  products; o r a r t i f a c t s  a r is in g  from d if f e r e n t  In 

v i t r o  sep ara tion  techniques? Furtherm ore, th e  m u lt ip le  forms 

observed w ith in  d i f f e r e n t  tis s u e s  w ith in  th e  same species could  

be e ith e r :  d i f f e r e n t  s tr u c tu r a l genes th a t  may be 

d i f f e r e n t ia l l y  expressed o r suppressed 1n s p e c if ic  tis s u e  

types; one s tru c tu ra l gene th a t  Is  d i f f e r e n t ia l l y  processed In  

c e r ta in  t is s u e s ; or a r t i f a c t s  th a t  a r is e  from v a r ia t io n s  o f In 

v i t r o  m ethodologies.

R ecen tly , a p a r t ia l  or com plete ONA sequencing has been 

a tta in e d  in  Drosophi la melanogaster  (D avis  and Kauvar; Chen e t  

aZ. 1986). In  yeasts (Gass e t  aZ. 1986; Nlkawa e t »7. 1986) and 

slim e m o li (Lacombe e t  aZ. 1986). I t  appears th a t  th e re  are two

\
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gene ;1 c a H y  d is t in c t  forms o f  cPDE In  Drosophi la  (n /a l-e r  and 

K lg er 1984; Chen e t  a 7. 1986). The form I  enzyme resembles th e  

mammalian type I  cPDE In  mass but not k in e t ic  param eters and Is  

re g u la te d  by a c a lm o d u lin - lik e  p ro te in . The form I I  cPDE, which 

Is  asso c ia ted  w ith  th e  dunce gene m u ta tio n , most c lo s e ly  

resembles th e  mammalian type IV  cPDE. In  th e  y e a s t, 

Saccharomyces c a r v l s i a e ,  two genes, PDE 1 and PDE 2 , have been 

cloned and encoded re s p e c tiv e ly  by Nlkawa e t  a 7. ( and 

Sass e t  a 7. (1 9 8 6 ) . An In te r e s t in g  study , based on comparisons 

o f p a r t ia l  amino a c id  sequences between type  I  cPDE from  

mammal 1 an b ra in , type  I I  cPDE from bovine h e a rt w ith  those  

p ro te in  sequences (d e riv e d  from th e  n u c le o tid e  sequences o f th e  

genes) o f the  yeast PDE 2 gene and th e  Drosophi la  form  I I  gene, 

has demonstrated a conserved domain In  a l l  fo u r o f th e  cPDE 

enzymes frnm these w id e ly  d i f f e r in g  species (Charbonneau a t  a 7.

1986). The y ta s t PDE 1 gene, however, showed no apparent 

homology w ith  the  above fo u r cPDE enzymes but d id  show homology 

w ith  th e  Oi cty os ta l lum  dfscofdeum e x t r a c e l lu la r  cPDE enzyme 

(Nlkawa a t  a7. 1987). The la t t e r  f in d in g  suggests th a t  the  

slim e mold cPDE m ight represen t a s tr u c tu r a l gene fo r  cPDE not 

found In  h igher organism s. I t  should be noted th a t th e  above 

cPDE genes which have « sequenced In  th e  more p r im it iv e  

eukaryotes might not be the  o n ly  genes presen t and I t  Is  q u ite  

p o ss ib le  th a t  new cPDE genes remain to  be Id e n t i f ie d .

In  summary, th e re fo re , th e re  appears to  be co nserva tio n  o f 

amino a d d  sequences In  some o f the  cPDE enzymes c la s s i f ie d  es 

type I ,  type I I  and type  IV (Charbonneau e t  a 7. 1 986 ). Evidence



presented by th e  Charbonneau team (1 9 8 6 ) has Im p lied  th a t ,  

since th e  homology between mammalian type  I  cPDE and and type  

I I  cPDE was ra th e r  l im ite d ,  th e  re s p e c tiv e  s tr u c tu r a l genes 

were probably d is c re te . The use o f  p o ly c lo n a l a n tib o d ie s  by 

Sarada and asso c ia tes  (1 9 8 2 ) has a ls o  dem onstrated shared 

homology between mammalian type  I  cPDE enzymes w ith  those o f  

mammalian type IV  cPDE. One excep tio n  to  th e  above was a re p o rt  

by a group (S h e n o llk a r e t  a l .  1985) in  which th ey  were unable  

to  dem onstrate any cross r e a c t iv i t y ,  using Western b lo t  

a n a ly s is , between s o lu b le  bovine b ra in  ca lm o d u lin -s tim u la te d  

cGMP PDE (typ e  I  (c )  cPDE, see In tro d u c tio n ) and s o lu b le  type  

IV  cPDE o f dog kidney. The type I I I  (a )  and (b )  cPDE enzymes 

are un iquely  asso c ia ted  w ith  th e  lens o f  th e  eye and th e re  Is  

strong evidence, d e riv e d  from, two dim ensional t r y p t ic  p eptid e  

mapping (Takemoto e t  a ) .  1 984 ), fo r  In te rs p e c ie s  conservation  

o f the  type I I I  (a )  cPDE. Furtherm ore, Barbehenn and asso c ia tes  

(1985) have demonstrated a n tig e n ic  s im i la r i t y  between type I I I  

(a )  and type I I I  (b )  enzymes. C le a r ly , evidence thus f a r ,  seems 

to  favour the  th eo ry  th a t  th e  fo u r main cPDE c la s s i f ic a t io n s ,  

type I ,  type I I ,  type  I I I  and type IV  cPDE rep resen t d is c re te  

s tru c tu ra l genes, some o f which share a degree o f  sequence 

homology.

The fin d in g s  o u tlin e d  above, however, have s t i l l  not 

s a t is f a c t o r i ly  reso lved  th e  rep o rted  d if fe re n c e s  1n p ro p e rtie s  

w ith in  a cPDE type e it h e r  between species o r w ith in  d i f f e r e n t  

tis s u e s  o f the same organism . I t  Is  Indeed l i k e ly  th a t  many o f  

these d iffe re n c e s  can be a t t r ib u te d  to  a r t i f a c t s  a r is in g  from
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in  v i t r o  methodology ra th e r  than to  t r u e  p hysica l v a r ia t io n s  1n 

t h j  cPOE form s. Some o f  th e  m ajor problem s, not the  le a s t  o f  

which are  th e  fa c ts  th a t  th e  cPDE enzymes are  both h ig h ly  

acv.1ve and presen t In  sm all amounts, In c lu d e : th e  s e n s i t iv i t y  

o f cPDE enzymes to  e i t h e r  endogenous o r  exogenous p ro te o ly s is  

and the  a b i l i t y  o f  fragm ents to  remain c a t a ly t lc a l ly  a c t iv e ,  

such as th e  Ir r e v e r s ib le  a c t iv a t io n  o f  type  I  cPOE by p ro te o ly s is  

w ith  concom itant loss o f  responsiveness to  ca lc iu m /ca lm o du lin  

(re v ie w , K rlnks e t  a l .  1984); e ith e r  s im ila r  o r d i f f e r e n t ia l  

s e n s it iv i t y  o f  cPDE enzymes to  an immense a rra y  o f agents  

ranging from endogenous c a tio n s , su lp h ydry l compounds, sm all 

p e p tid e s , phospholip ids and hormones to  exogenous e f fe c to r s  

such as im idazo le  and many exogenous In h ib i to r s  (see  

In t r o d u c t io n ) ; th e  e f f e c t  o f pH which Ir r e v e r s ib ly  In a c t iv a te s  

cPDE under a d d le  c o n d itio n s  (pH < 6 ) (S tra d a  e t  a l .  1978 ); 

hydrophobic in te ra c tio n s  (Van Inwegen e t  a l .  1976); and 

tem perature s e n s i t iv i t y  (S tra d a  e t  a l .  1978 ).

The above d i f f i c u l t i e s  e x p la in , in  la rg e  p a r t ,  why so few  

s tu d ies  o f the  cPDE enzymes in  human and m urine tis s u e s  have 

been p ub lish ed . Since th e  study o f these enzymes In human and 

murine tis s u e s  1s only  p o s s ib le  w ith  sm all t is s u e  specimens, I t  

was necessary to  adapt th e  method o f non-denaturing  

polyacry lam ide  gel e le c tro p h o re s is  coupled to  the  s p e c if ic  cPDE 

a c t iv i t y  s ta in . Th is  technique can enable as l i t t l e  as 0 .5  mg 

o f so lu b le  p ro te in  to  e f f e c t  a sep ara tion  o f th e  so lu b le  cPDE 

enzymes.



I'umfrarallYfi findings q£ Ihe ePD£ forms in mn Mnft ami human

tissue cvtosals.

My studies, which have dealt mainly with the characterization 

and partial purification of the soluble cPDE enzymes in murine 

tissue cytosols and human mammary and uterine cytosols, 

consistently demonstrated a significant portion of the total 

soluble cPDE activity to be calcium/calmodulin dependent. This 

was proved by inhibition to the following; EDTA, a calcium 

chelator; EGTA, also a calcium ion chelator; and the specific 

inhibitor, trifluoroperazine. Furthermore, when these cPDE 

activity forms were excised and eluted from gels, the enzymes 

were not further activated in the presence of exogenous 

calcium/calmodulin which suggested that nd PAGE die not 

separate calmodulin from the type I cPDE forms. Of those cPDE 

activity forms that were shown to be calmodulin/dependent (type 

I cPDE), there appeared to be activity bands that were common 

to all the tissue cytosols I studied. In the murine tissue 

cytosols, the Rf range of a common calcium/calmodulin sensitive 

cPDE Activity band was 0.29-0.35 at 7.5% gel concentration 

1 Table 2:4, repeated below). In human mammary tumour cytosols 

iFig. 4:la (c)) the EGTA-sensitive cPDE activity bands, 2 to 4, 

exhibited an Rf range of 0.26-0.34 at 7.5% gel concentration 

which is within the same range as that found for the common 

calmodu1 in/dependent oPPE activity band in all the rurine 

tissue cytosois. Similarly, the normal human mammary cytosol 

bands 2 and 3 had an Rf range of 0.31-0.34 at 7.5% gel
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c o n c e n tra tio n . L a s t ly , the  human u te r in e  cy to so l bands 3 to  5 , 

a ls o  EO TA -sensitive (F ig .  5 : 1 ( a ) ) ,  e x h ib ite d  an Rf range o f  

0 .2 9 -0 .3 5  ( r e s u lts  summarized below In  Tables 2 :4 , 6:1  and 

6 : 2 ) .  The two fa s te r  m ig ra tin g  cPDE bands observed o n ly  In  

murine mammary tumour cy to so l (5  to  6 , R f range 0 .3 4 -0 .4 1  and 

E D T A -sen s ltlve ) were, however, apparent In  a l l  th e  human 

c y to s o ls , except fo r  th e  fa s te s t  m ig ra tin g  cPDi! a c t i v i t y  form  

In  normal human mammary c y to s o l, and a re  summarized: human 

mammary tumour cytosol (bands -  to  4 , Rf range 0 .3 5 - 0 .4 0 ) ;  

normal human mammary cy to so l (band 4 , Rf range 0 .3 5 - 0 .3 6 ) ;  

u te ru s , myome.-ium and leiomyoma c y to so ls  (bands 6 to  T.  Rf 

range 0 .3 6 -0 .4 1 )  (see Tables 2 :4 , 6:1 and 6 : 2 . )

U n fo r tu n a te ly , I  am unable to  comment on th e  com parative  

m olecu lar masses o f th e  so lu b le  cPOE fo m s , c a lc u la te d  by 

Ferguson p lo t ,  which were found to  be h ig h er fo r  a l l  the  

murine t is s u e  c y to s o ls . The reason fo r  th is  Is  th a t  I  used 

p ro te in  standards th a t  were o ptim ized  fo r  running on nd PAGE 

a t th e  s ta r t  o f  the human tis s u e  so lu b le  cPDE s tu d ie s  and the  

new standards appeared to  y ie ld  low er m o lecu la r masses. 

N onetheless, my fin d in g s  d id  revea l th a t  th e  fa s t e r  m ig ra tin g  

cPOE a c t i v i t i e s  appeared to  be type  I  cPDE isoenzymes based on 

th e  fa c ts  th a t  they were e ith e r  In h ib ite d  by EDTA o r EGTA and 

a ls o  the forms e x h ib ite d  n e a rly  Id e n t ic a l m o lecu la r masses but 

oossesed d is c re te  charge d e n s itie s  (Yo) w ith in  th e  d i f f e r e n t  

tis s u e  c y to s o ls .

Another s o lu b le  cPDE a c t iv i t y  band th a t was c o n s is te n t y 

dem onstrated, using non-denaturing  oo lyacry lam lde  gel

2 4 2



e le c tro p h o re s is  coupled to  th e  cPDE a c t i v i t y  s ta in ,  w ith  the  

exception  o f murine b ra in  c y to s o l, was th e  

EDTA/EQTA-1nsens1t1ve cPDE enzyme. When t h is  cPDE a c t i v i t y  form  

was excised  and e lu te d  from g e ls , th e  cPDE a c t i v i t y  was not 

increased In  tho presence o f exogenous ca lc iu m /ca lm o d u lin  and I  

considered th is  cPDE a c t iv i t y  to  be ca lc iu m /ca lm o du lin  

Independent. In  iru rln e  t is s u e  c y to s o ls , except fo r  m urine b ra in  

and the E D T A -In sen s itive  band 1 o f  murine h e a r t , the  

E D T A -lnscnsltlve  cPDE a c t iv i t y  bands In  murine c y to s o ls  had an 

Rf range o f 0 .2 4 -0 .2 8 . This  same c h a r a c te r is t ic  cPOE a c t iv i t y  

band had an Rf range o f 0 .2 5 -0 .2 7  In  human mammary c y to so ls  and 

an Rf range o f 0 .2 6 -0 .2 7  in  human u te r in e  cy to so ls  (see Tables  

2 :4 , 6:1 and 6 :2  b e low ), k in e t ic  a n a ly s is  o f th is  

E O TA -Insensitive  form from human mammary tumour c y to s o ls  and 

human lelomyomr cy to so ls  was achieved by e lu t in g  th e  band o f  

in te -e s t  (n o te : not exposed to  lead Io n s) from po lyacry lam ide  

gels  and then perform ing the cPOE rad io assay . The k in e t ic  

param eters o f the ca 'c lum /calm odu1In  Independent cPOE enzyme In  

human mammary tumour cytoso l ( f o r  cAHP, Km values o f  3 .8  uM and 

50 uM w ith  re s p e c tiv e  Vmax va lues  o f 4 .5  and 25 nmol/mg 

p ro te ln /m in ) were not d is s im ila r  from those reported  fo r  the  

same enzyme In  human leiomyoma cytoso l ( f o r  cAMP, Km values o f  

5 .3  and 37 uM w ith  re s p e c tiv e  Vmax values o f 12 and 64 nmol/mg 

p ro te ln /m in ). In  both t is s u e s , th e  cPOE enzyme e x h ib ite d  

complex k in e t ic s  w ith  apparent n e g a tive  c o o p e ra t lv lty . This  

suggests th a t the E G T A -lnsensitlve  cPOE a c t iv i t y  band Is  e i t h e r  

in d ic a t iv e  o f more than one cPDE enzyme, p oss ib ly  not f u l l y

243



separated  on nd PAGE, o r th a t  th e  enzyme Is  a l lo s t e r lc  w ith  

d if f e r e n t  c a t a ly t ic  b ind ing  s ite s .

The ca lc iu m /ca lm o du lin  cPDE a c t iv i t y  band w ith  th e  

c h a r a c te r is t ic  Rf range o f 0 .2 4 -n .2 8  (m o lecu la r mass range o f  

168000 to  186000 d a lto n s  In  human c y to s o ls ) which I  observed In  

a l l  th e  tis s u e  c y to s o ls , except murine b ra in , could  be regarded  

as s im ila r  to  e it h e r  the s o lu b le  type I I  cPOE describ ed  In  

ovine h e a rt (M a rtin s  e t  aZ. 1S82) o r c a l f  l i v e r  (Ya-omoto e t  

i l .  1 9 6 3 (a )) o r a so lu b le  type IV  cPDE p u r if ie d  from human 

p la te le ts  (Umekawa e t  a l .  1984). The so lu b lu  ty p e  I I  cPDE from  

h e a rt has been reported  to  have a m olecu lar mass o f  240000 

dal tons and Km fo r  camp o f 30 uM (Vmax not g iv e n ) (M a rtin s  e t  

a l .  1982). The s im ila r  enzyme In  c a l f  was dem onstrated to  have 

s mass o f 231000 dal to n s , Km fo r  cAMP o f about 30 uM and a Vmax 

o f 170 umol/mg p ro te ln /m ln  (Yamomoto e t  a l .  1 9 8 3 (a ) ) .  The 

s o lu b le  type IV  cPDE has been shown to  have a mass o f 175000 

dal to n s , Km o f 0 .3 4  uM (w ith  0 .11  uM fo r  cGMP) and a Vmax o f 86 

nmol/mg p ro te ln /m ln  (Umekawa e t  a l .  1984). The ve ry  high Vmax 

(one thousand fo ld  h ig h e r, In  umol as averse to  nmol/mg 

p r o te ln /m lr j  reported  fo r  the c a l f  l i v e r  cPOE would seem to  

suggest a c lo s e ' resemblance o f my form to  th e  unusual s o lu b le  

type IV  cPOE. The so lu b le  type IV  enzyme In human p la te le ts  Is  

unusut. 1 in  th a t I t  has been demonstrated to  e x h ib i t  an alm ost 

equal h y d ro ly s is  ra te  fo r  both cAMP and cGMP (Umekawa e t  a l .  

1984) whereas the  type IV cPDE enzymes teno to  be cA M P -specific  

(see In tro d u c tio n  sec tio n  on type IV  cPDE’ s ) .  Thus the  

dichotomy s t i l l  remains as to  why th e  so lu b le  cPDE types vary
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so co ns id erab ly  w ith  resp ect to  both physica l and k in e t ic  

param eters In  d i f f e r e n t  sp ec ies . O nly fu r th e r  b iochem ical 

s tu d ie s , using severa l d i f f e r e n t  s e p ara tio n  tech n iq u es , w i l l  

p oss ib ly  reso lve  th is  q u e s tio n .



T ab le  2 :4 . R e la t iv e  m o b il ity  (R f range) o f  th e  cPDE a c t i v i t y  

bands o f m urine tis s u e  c y to s o ls  oosorved In  7.5% nd PAGE 

coupled to  th e  cPDE a c t i v i t y  s ta in  as shown In  F ig . 2 :4 a  fo r  

both cAMP and cGMP. The re s u lts  are  the  mean o f  fuur 

experim ents .

R f range T issue and band
from  top o f  gel p o s itio n  (F ig . 2 :4 )

A. 0 .0 9 5 -0 .1 1  kidney (1 )
B. 0 .12  -0 .1 4  h e a rt (1 )
C. 0 .24  -0 .2 8  tumour ( 1 ) ,  h e a rt ( 2 ) ,

l i v e r  ( 1 ) ,  kidney ( 2 ) ,
D. 0 .2 9  -0 .3 5  bovine h e a rt form s,

h e a rt ( 3 ) ,  b ra in  ( 1 ) ,  
1 1 v e r (2 ) , k idney ( 3 ) ,  
tumour (2 )

E. 0 .3 4  -0 .3 6  tumour (3 )
F. 0 .37  -0 .4 1  tumour (4 )
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Table 6 :1 . R e la t iv e  m o b il it ie s  (R f range) o f  th e  cPDE a c t iv i t y  

bands o f  human mammary c y to so ls  observed In  7 .5  X nd PAGE 

coupled to  the  cPDE a c t iv i t y  s ta in  as shown In  F ig . 4 :1 a  ( a ) .  

The c a lc u la te d  Rf values were th e  same fo r  e i t h e r  cAMP o r cGMP. 

The re s u lts  a re  th e  mean o f  th re e  experim ents .

,  . T issue and band
from top o f  gel p o s it io n  (F1g. 4 :1a  ( a ) )

A. 0 .2 5 -0 .2 7 normal b r e a s t ( l ) , b reas t
B. 0 .2 9 -0 .3 0

tumour (1 )
b reas t tumour (2 )Ce 0 .3 1 -0 .3 2 normal b re a s t ( 2 ) , b reas t

0. 0 .3 3 -0 .3 4
tumour (3 )
normal b reas t ( 3 ) , b reas t

E. 0 .3 5 -0 .3 6
tumour (4 )
normal b re a s t ( 4 ) , b reast

F. 0 .3 9 -0 .4 0
tumour (5 )
b reas t tumour (6 )



a *

i

T^ble 6 :1 . R e la t iv e  m o b il it ie s  (R f range) o f  th e  cPDE a c t iv i t y  

bands o f  human mammary c y to s o ls  observed In  7 .5  X nd PAGE 

coupled to  the cPDE a c t iv i t y  s ta in  as shown In  F ig . 4 :1 a  ( a ) .  

The c a lc u la te d  Rf va lues were the  same f o r  e i t h e r  cAMP o r cGMP. 

The re s u lts  a re  the  mean o f  th re e  experim ents .

Rf range 
from top o f gel

T issue and band 
p o s itio n  (F ig .  4 :1 a  ( a ) )

0.25-0.27 normal b r e a s t ( l ) ,  b reas t 
tumour (1 )  
b reast tumour (2 )  
normal b re a s t ( 2 ) ,  b reas t 
tumour (3 )  
normal b re a s t ( 3 ) ,  b reas t 
tumour (4 )  
normal b re a s t ( 4 ) ,  b reas t  
tumour (5 )  
b reast tumour (6 )

0.29-0.30
0.31-0.32

0.33-0.34

0.35-0.36



Rf range 
from top o f gel

'

• -  - ,  -

«

■ W  /  i t r .

Table 6 :2 . R e la t iv e  m o b il ity  (R f rango) o f th e  cPDE a c t iv i t y  

bands o f  human u te r in e  c y to s o ls  observed In  7 .5 *  nd PAGE 

coupled to  the  cPDE a c t i v i t y  s ta in . The c a lc u la te d  R f values  

were th e  same fo r  e i t h e r  cAMP o r CGMP. The re s u lts  rep resen t 

the  mean o f fo u r experim ents .

Tissue and band 
p o s it io n  (F ig . 5 : 1 (a ) )

A. 0 .1 8 -0 .1 9

B. 0 .2 6 -0 .2 7

C. 0 .2 9 -0 .3 0

0. 0 .3 1 -0 .3 2

E. 0 .3 3 -0 .3 6

F. 0 .3 6 -0 .3 8

0. 0 .4 0 -0 .4 1

u teru s  ( 1 ) ,  myometrium ( 1 ) ,  
leiomyoma (1 )
u terus  ( 2 ) ,  myometrium ( 2 ) ,  
leiomyoma (2 )
u teru s  ( 3 ) ,  myometrium ( 3 ) ,  
leiomyoma (3 )
u terus  ( 4 ) ,  myometrium ( 4 ) ,  
leiomyoma (4 )
u terus  ( 5 ) ,  myometrium ( 5 ) ,  
leiomyoma (5 )
u teru s  ( 6 ) ,  myometrium ( 6 ) ,  
leiomyoma (6 )
u terus  ( 7 ) ,  myometrium ( 7 ) ,  
leiomyoma (7 )

■

From th e  above Tables I t  ;an be seen th a t  th e  murine Kidney 

cytoso l band 1 cPDE form , murine h e a rt band 1 and th e  human 

u te r in e  band 1 rep resen t unique cPDE forms w ith  t h e i r  own 

c h a r a c te r is t ic  r e la t iv e  m o b il ity  under c o n tro lle d  c o n d itio n s .

I t  is  p oss ib le  th a t  the  m urine kidney band 1 cPDE could  

rep resen t an aggregate o f  m urine kidney band 3 (bo th  

SGTA-sens1t1ve) where th e  mass o f band 1 was 395000 dalton.'i and 

banc 3 was 245000 dal tons (T ab le  2 :1 2 ) .  This would not appear
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to  be th e  case f o r  e ith e r  th e  m urine h e a rt s o lu b le  

E D IA -In s e n s itiv e  cPIE forms (band 1 = 246000 d a l tons compared 

to  band 2 = 227000 d a lto n s ) o r fo r  th e  E0TA-sens1t1ve cPOE 

enzymes o f human u te r in e  c y to s o ls  (band 1 = 229000 d a lto n s  

compared to  bands 3 -7  = 175000 d a lto n s ) .

B iochem ical c o n s id e ra tio n s .

My experim ents based on nd PAGE coupled to  th e  cPDE a c t i v i t y  

s ta in  showed Id e n t ic a l cPDE p r o f i le s  fo r  e i t h e r  cAMP o r cGMP In  

a l l  th e  tis s u e  cy to so ls  I  s tu d ie d . The s ta in in g  In te n s ity  was 

s im l l la r  fo r  both s u b s tra tes  when Incubated w ith  e i t h e r  50 to  

300 uM cAMP o r cGMP. At low er s u b s tra te  c o n cen tra tio n s  (10  uM), 

however, th e re  was evidence fo r  Increased cPDE a c t i v i t y  1n the  

presence o f  10 uM cGMP compared to  10 uM cAM' when I  s tu d ied  

th is  e ffe c t. 1n murine h e a rt c y to so ls  (F1gs. 2 :5 e  and 2 . 5 f ) .  I t  

is  necessary to  r e i t e r a t e ,  though, th a t  n r new cPOE a c t i v i t y  

bands w *re observed to  appear a t  d i f f e r e n t  s u b s tra te  

c o n c e n tra tio n s . Th is  has Im portant Im p lic a t io n s : 1. I t  Is  

h ig h ly  u n lik e ly  th a t  th e re  are  d is c re te  oPDE enzymes f o r  th e  

h y d ro ly s is  o f e i t h e r  cAMP o r cGMP. In  o th e r words, the  

c a t a ly t ic  b in d in g  s l t e ( s )  probably re s ld e (s )  In  the  same 

enzyme. 2. I t  Is  u n lik e ly  th a t  th e re  a re  d is c re te  high a f f i n i t y  

and low a f f i n i t y  cPOE enzymes.

For th e  type I  cPDE, which seemed to  be th e  p-edom Inant s o lu b le  

cPOE a c t iv i t y  In  the t is s u e  c y to so ls  I  s tu d ie d , th e re  1s 

controversy  as to  whether cAMP and cGMP are  hydrolyzed  by



sep ara te  c a t a ly t ic  s ite s  as suggested by Geremla e t  a / .  (1984 ) 

o r by a common c a t a ly t ic  s i t e  (S u ll iv a n  e t  a / .  1987 ). I  am, a t  

p re s e n t, unable to  o f fe r  any d e f in i t iv e  proof a lthough my 

o b s e rv a tio n - are  c o n s is te n t w ith  a common c a t a ly t ic  s i t e  fo r  

both cAMP and cGMP w ith  p o ss ib ly  a d is c re te  h igh  a f f i n i t y  cGMP 

s i t e  th a t becomes a c tiv e  a t  low s u b s tra te  c o n c e n tra tio n s . A lso , 

my fin d in g s  tend to  d is c r e d it  the  s t i l l  p o t- ila r  p ra c tic e  o f  

re p o rtin g  high a f f i n i t y  cPDE and low a f f i n i t y  cPDE as I f  they  

were separate  enzymes. T h is  1s u s u a lly  done by s tudying  th e  

cPDE enzyme k in e t ic s  In  crude e x tra c ts  and then a t t r ib u t in g  th e  

n o n -lin e a r  p lo ts  to  low and high a f f i n i t y  enzymes (see K oflnas  

e t a / .  1987; K urtz e t  a 7. 1987; Moses e t  a 7. 1 987 ). My f in d in g s  

u neq u ivo ca lly  dem onstrated a t  le a s t  th re e  o r more cPDE forms In  

a l l  th e  tis s u e  c y to so ls  I  s tu d ied  (see re s u lts  o f  g ra d ie n t nd 

PAGE on murine b ra in , kidney and U v e r  F1g. 2 :7 )  and these cPDE 

p r o f i le s  were Id e n t ic a l fo r  each t is s u e  cy to so l from 50 uM (10  

uM In  murine h e a r t )  to  300 uM M .s t r a t a  c o n c e n tra tio n s . Th is  

m u lt ip l ic i t y  o f both cPOE enzymes and Isoenzymes makes I t  

d i f f i c u l t  to  determ ine th e  r e la t iv e  c o n tr ib u tio n s  o f  the  

s p e c if ic  cPOE forms In  crude enzymes o r e x tr a c ts . T here fo re  

some form o f sep ara tio n  technique o f the  cPOE form s, p r io r  to  

a ttem p tin g  enzyme k in e t ic s  a n a ly s is , seems to  be a i.acessary  

p re re q u is ite . As I  s ta te d  p re v io u s ly  (M u lt ip le  Forms s e c tio n  In  

the  In tr o d u c t io n ) , D EA E-cellu losu anion-exchange chromatography 

has alm ost always been th e  method o f choice fo r  th e  s e p ara tio n  

o f cPDE forms, on the bas is  o f net p ro te in  charge , p r io r  t  

fu r th e r  p u r i f ic a t io n .  My experience  w ith  th is  tech n iq u e ,



In d ic a te d  th a t  la rg e  losses o f cPDE a c t iv i t y  were In cu rred  

during  th e  DEAE c. rumatography stage In  a d d it io n  to  th e  

o vern ig h t d ia ly s is  and concentra Ion  s tep s . Thus, I t  Is  not a 

s u ita b le  method fo r  sm all t is s u e  samples. The a d a p ta tio n  and 

m o d ific a tio n  o f  the  method o f nd PAGE coupled to  th e  cPDE 

a c t l v l t )  s ta in  to  s la b  g e ls , has enabled th e  s e p a ra tio n  o f cPDE 

forms to  be a tta in e d  w ith  very l i t t l e  s o lu b le  p ro te in  (0 .1  to  

0 .5  mg so lu b le  p r o te in ) .  Furtherm ore, severa l samples from  

d if f e r e n t  t is s u e  c y to s o ls  can be assessed on i  com parative  

bas is  fo r  t h e i r  cPDE enzymes. A lso , by means o f  p re p a ra tiv e  nd 

PAGE, I t  1s p oss ib le  to  exc ise  th e  separated  cPDE bands (n o te , 

in  the absence o f lead  Io n s ), e lu te  them from the  

polyacry lam ide  gel and then c a lc u la te  th e  k in e t ic  param eters o f  

these separated  cPDE form s. Another Im portant c o n s id e ra tio n  o f  

th e  nd PAGE method Is  th e  fa c t  th a t  th e re  was l i k e ly  to  be less  

breakdown o f  the  cPDE forms by p ro te o ly s is  as: 1. The tis s u e s  

were processed In  th e  presence o f  th e  p r o te o ly t ic  In h ib i to r ,  

PMSF. 2. The tis s u e  c y to s o ls  were not exposed to  'xcess lve  

d i lu t io n  as occurs w ith  DEAE-an1on exchange and d ia ly s is .  3.

The s lab  gel e le c tro p h o re s is  runs were perform ed a t  a very  low 

c u rre n t a t  4 ° C In  a p e rio d  o f o n ly  f iv e  hours.

I t  Is  In te r e s t in g  to  note th a t ,  a t  no tim e d id  I  d e te c t any low 

m olecu lar mass cPDE forms using th e  gel method (m o lecu la r  

masses > 162000 d a lto n s ) . Thus, I  d id  not d e te c t th e  so lu b le  

cA M P -spedf 1c type IV  cPDE o f n a tiv e  m o lecu lar mass 60000 

dt Itons (Thompson e t a l .  1979 ( a ) ) .  This  low m o lecu lar mass 

en:yme has a lso  been described 1 n  the  s o lu b le  f r a c t io n  o f human



lung (Moore and Schroedter 1982) a lthough these la t t e r  authors  

speculated  on th e  p o s s ib i l i t y  o f  t h e i r  enzyme being a c a ta ly t ic  

subunit o f  a la rg e r  n a tiv e  enzyme. Of course, i t  cannot be 

e n t i r e ly  d iscounted tn a t  my gel method was not s e n s it iv e  enough 

to  d e te c t th e  presence o f  th is  so lu b le  type  IV  cPDE. When I  

performed sucrose u lt r a c e n t r ifu g a t lo n  (18  hour runs) on crude 

leiomyoma c y to so ls  I  de tec ted  th re e  cPOE forms (F ig  5 : 4 ) ,  one 

o f which was a low m olecu lar mass enzyme o f 3 .6  S u . e .  46000 

dal to n s ). The seven forms th a t  I  d e te c te d , using th e  gel 

methtx', in  leiomyoma c y to s o ls , however, a l l  had m o lecu lar 

masses o f  g re a te r  than 162000 d a lto n s . I t  Is  a ls o  worth n o tin g , 

based on my own experiences w ith  sucrose g ra d ie n t  

u lt r a c e n t r i fu g a t lo n , th a t  I f  leiomyoma su pernatan ts , e i t h e r  

crude o r p a r t i a l l y  pure, were fro zen  and rethawed o r  s to red  fo r  

more than th re e  weeks a t  -  70° C, lower m o lecu lar mass forms o f  

cPOE were d e tec ted  and reg -rded  as p r o te o ly t ic  but a c t iv e  cPOE 

enzyme fragm ents.

F in a l ly ,  the  nd PAGE method m ight prove u sefu l 1n the  

assessment o f 1nh1b l t o r /a c t  1v a to r  s e n s i t iv i t ie s  o f th e  cPDE 

a c t iv i t y  forms o f  d i f f e r e n t  tis s u e s  to  a v a r ie ty  o f compounds.

G J Im s a l c o n s id e ra tio n s .

From a c l m eal s ta n d p o in t, I  had hoped to  be ab le  to  d e te c t a 

so lu o le  cPDE a c t iv i t y  band th a t  m ight be s p e c if ic  fo r  tumour 

mammary c y to s o ls . Indeed, the f in d in g  o f two fa s te r  m ig ra tin g  

cPDE forms In  murine mammary tumour c y to so ls  compared to  o th e r
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normal murine t is s u e  c y to so ls  seemed p rom ising . The work on 

human mammary c y to so ls  a ls o  In d ic a te d  two p o ss ib le  tumour 

asso cia ted  cPDE forms w ith  Rf ranges o f 0 .2 8 -0 .3 0  and 

0 .3 9 -0 .4 0 . The subsequant observa tio n  o f  these two m lo ra tln g  

cPDE forms In  both normal myometrium and benign u te r in e  

tumours, however, suggested th a t  these lower cPDE a c t iv i t y  

bands, m ight In  f a c t ,  be type I  cPOE Isoenzymes asso c ia ted  w ith  

s te ro id  hormone ta r g e t  t is s u e s . An In te r e s t in g  f in d in g , though, 

was th e  r e la t iv e ly  reduced cPDE a c t i v i t y  s ta in in g  In  leiomyoma 

c y to so ls  compared to  t h e ir  normal myometrium cy to so l 

c o u n te rp a rts . I  have dem onstrated the  oestrogen and 

progesterone rec e p to r content tc  be s ig n i f ic a n t ly  h igher In  

leiomyoma compared to  myometrium (p  < 0 .0 0 0 2 ) (Sedan a t  a h  

1987). T h e re fo re , th e re  appeals to  be an In verse  c o r re la t io n  

between le v e ls  o f o es tro g en /p rogesterone recep to rs  and th e  

le v e l o f cPDE a c t iv i t y  which Is  In  agreement w ith  th e  f in d in g s  

o f E tm g o f e t  a h  (1 9 8 4 ) . A lso , th is  f in d in g  concurs w e ll w ith  

♦hat o f Cho-Chung and asso c ia tes  (1978 ) who re p o rted  th a t  cPDE 

a c t iv i t y  was In c r  ed In  reg ress ing  DBMA-Induced r a t  mammary 

tumours. DMBA-Induced tumours are  known to  posses high le v e ls  

o f fu n c tio n a l oestrogen and progesterone recep to rs  and 

regress ion  o f growth o f these tumours Is  achieved by 

ovariectom y o f th e  host which leads to  w ithdraw al o f s te ro id  

hormones and thus red u ctio n  o f re c e p to rs . Of concern, 

th e re fo re , is  the  fa c t  th a t  many b reas t cancer p n t le n ts  who 

have d e te c ta b le  le v e ls  o f o es tro gen /p rogesterone recep to rs  In  

th e ir  tumours are  o fte n  tre a te d  w ith  th e  a n ti-o e s tro g e n ,



amoKifen. Uu dru^, , owevei . h.-s a ls o  been shown to  be a typo  

I ct-'DE Inhibitor (.Lam l.;«4 > which would, at lirst, appear to 

be a disadvantageous effect in view of the fact that cPDE 

levels are observed to be increased in regressing DBMA-induced 

rat mammary tumours iCho-Chung e t  a l . 1978). Nonetheless, it is 

important to note that the levels of adenyl cyclase and cAMP 

are also increased in these t egress m g  tumours (.Cho-Chung e t  

si. 1978). It seems, therefore, that despite the increased cPDE 

activity level, the overall concentration cf cAMP is higher in 

regressing tumours. On the basis of this observe*■ ion and 

assuming the increased cAMP levels to be associated with growth 

inhibition, it is interesting to speculate that tamoxifen in 

conjunction with either a drug that stimulates adenyl cyclase 

a forskolin-like compound) or the use of site-specific cAMP 

analogues that have a mucn higher affinity for the cAMP 

receptor protein (Tagliaferri e t a l . 1988) might further 

.ncrease the efficacy of tamoxifen in causing tumour 

regression. Alternatively, it should prove worthwhile to search 

for an anti-oestrogen that is inhibitory to all the cPDE types and 

is not solely specific for type I cPDE, as is the case with the 

calmodulin antagonist tamoxifen.

The assessment of the inhibitory effects of such an anti-oestrogen 

on soluble cPDE enzymes in mammary tumour cytosols could easily 

be performed with the nd PAGE technique coupled to the cPDE 

activity stain. The drug therapies proposed above might also be 

of value in the treatment of leiomyoma which are rapidly 

growing, steroid receptor positive benign tumours of the
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u te ru s . Th is  l a t t e r  c o n d itio n  is  u s u a lly  t r e a te d  s u rg ic a l ly  

(Sedan a t  a 7. 1987).

A lthough I  - is  unable to  n. i c t  a s p e c if ic  tum our-associated  

s o lu b le  cPDE a c t iv i t y  In  mammary t is s u e  c y to s o ls , t h is  was not 

th e  case fo r  th e  n u c le a r-a s s o c ia te d  p a r t ic u la te  cPDE In  

m alic . mammary tis s u e s  (C hapter 3 ) .  T h is  membrane-bound cPDE 

(o n ly  cAMP te s te d )  was s tu d ied  by using an u ltra c y to c h e m lc a l 

techn ique coupled to  th e  cPDE a c t iv i t y  s ta in .  The 

nuc d ar-a s s o c la te d  cPDE was s t r ik in g ly  observed In  m alignant 

mammary c e l ls ,  to  a le s s e r e x te n t In  f ib r o c y s t ic  mammary c e lls  

but was not apparent In  normal human b reas t e p i t h e l ia l  c e l ls .  

T h is  f in d in g  has im portant im p lic a t io n s  fo r  p oss ib le  

th e ra p e u tic  therapy a g a in s t th e  mammary cancer c e l ls .  I f  the  

n u c le a r-a s s o c ia te d  cPDE could be c h a ra c te r iz e d  and a s p e c if ic  

in h ib i to r  id e n t i f ie d  then 1t m ight be p o s s ib le  to  Induce tumour 

regress ion  by using the  In h ib i to r  to  ci.use Increased c e l lu la r  

cAMP c o n c e n tra tio n . Th is  would be o f p a r t ic u la r  va lue In  those  

p a tie n ts  who have o o s tro g e n /re c e p to r n e g a tive  tumours th a t  are  

u s u a lly  associated  w ith  more aggress ive  d isease  (Robinson a t  

a l .  1985). In  s h o rt, a n ti-o e s tro g e n  therapy  Is  In e f fe c t iv e  

a g a in s t s te ro id  recep to r n e g a tive  tumours and thus an In h ib ito r  

d ire c te d  s p e c if ic a l ly  a g u ln s t the  n u c le a r-a s s o c ia te d  cPDE th a t  

I  d e tected  1n a l l  the m alignant b reas t tumours, m ight be ab le  

to  ta rg e t  those hormone-Independent tumours. Of p oss ib le  

re levance to  my fin d in g s  Is  the  recen t re p o rt by L lc h tn e r and 

asso c ia tes  (1 9 8 7 ) , who have dem onstrated th a t  the  

a n tlm e ta s ta t lc  a c tio n  o f the  pyr1m 1do-pyrim ldlne analogue RA
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233 (Rapenton) on tumour ce l 1 l in e s ,  Is  not m erely th e  re s u lt  

o f In h ib it io n  o f p la t e le t  fu n c tio n  but a ls o  th e  a l t e r a t io n  In  

cAMP metabolism because o f In h ib i t io n  by RA 233 o f type  IV  cPOE 

(U lc h tn e r e t a l .  1987 ). I t  would be usefu l to  perform  fu r th e r  

u ltra c y to c h e m lc a l experim ents to  e s ta b lis h  whether th is  RA 233 

In h ib i to r  In h ib i ts  th e  n u c le a r-a s s o c ia te d  cPDE.

At p re s e n t, I  am studying  a m urine model which e x h ib its  

spontaneous hepatomas. There Is  s u f f ic ie n t  normal l i v e r  fo r  

com parative s tu d ies  between th e  n o a a l l i v e r  and hepatoma 

t is s u e s . I  am using th e  methodology described  In  t h is  th e s is  to  

study the  so lu b le  l i v e r  cPDE forms and I  am develop ing  new 

techniques to  study th e  membrane-bound cPDE form s.
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